This article reports a series of exploratory studies dealing with learning in total enterprise simulations. These studies had three purposes: (a) There is a long history of the use of total enterprise (TE) simulations in instructional settings (Wolfe, 1993) . They are most commonly employed in capstone policy courses in both undergraduate and graduate business degree curricula and are used extensively in executive development programs (Faria, 1998) . Clearly, users believe simulations enrich the learning experience.
The article is organized according to these objectives. Because the research questions, background literature, and data generated varied because of the study's objectives, the Background, Results, and Discussion sections are organized by the above objectives. The article's Method section, however, is presented in toto as the method of investigation was constant over the investigation's course.
The studies were specifically designed to analyze and evaluate learning that resulted from playing the game itself rather than evaluating the degree to which game play obtained a particular course's learning objectives. All other studies on the teaching effectiveness of business games have focused on identifiable skills or particular subject matter learning, such as the domain of strategic management, associated with a particular course. For a review of this literature see Wolfe (1997) . The studies reported here, however, deal with the degree to which a particular business game accomplished its own learning objectives.
Background and hypotheses

Validity of simulations as learning tools
A number of scholars have focused on the validity of simulations as learning experiences (Anderson & Lawton, 1988 , 1992a , 1997 Butler, Markulus, & Strang, 1985; Gentry, Commuri, Burns, & Dickenson, 1998; Greenlaw & Wyman, 1973; Keys, 1976; Keys & Wolfe, 1990; Lawton & Anderson, in press; Thorngate & Carroll, 1987; Wolfe, 1976 Wolfe, , 1985 Wolfe, , 1997 Wolfe & Guth, 1975) . Despite the preponderance of this evidence, some still assert their validity is unproven. For example, Lawton and Anderson (in press) have stated that because of a lack of research rigor, there is relatively little hard evidence that simulations produce learning. The work of Butler et al. (1985) , Gentry et al. (1998) , Keys and Wolfe (1990) and Wolfe and Crookall (1998) suggests the problem is rooted in an incomplete coverage or definition of the nature of learning and a lack of systematic efforts to obtain objective measurements of any learning effects associated with business games.
On the other hand, Wolfe (1997) has asserted that top management games are both internally and externally valid when used in strategic management course work. These conclusions were based on eight studies that used objectively measured, course-related learning outcomes in controlled or equivalent group research designs.
Given contrasting opinions and insufficient data, it is not clear whether simulations are internally valid for learning. One of the purposes of our series of studies, then, was to systematically test whether a simulation provides a valid learning method. The question we were concerned with was the following: Do students learn what simulations purport to teach? Therefore, the first research hypothesis, stated in null form, was as follows:
Learning and performance Anderson and Lawton (1992b) have documented that 92.5% of instructors using total enterprise simulations in college capstone courses grade on simulation performance. It seems axiomatic that people who perform best in a game have learned what the game has to teach 1 in addition to being able to apply previously gained business knowledge to the situation posed by the simulation. However, alternative explanations for performance are possible. For example, those who perform best may have hit on the "correct" strategy and learned little (Wolfe & Chanin, 1993) , average performers may have learned a great deal as a result of struggling to improve, or conscientious participants might have learned a substantial amount even though they made mistakes and performed poorly in the simulation. Thus, it is possible that learning and simulation performance do not covary.
Many authors have contended that the relationship between performance in the simulation and learning from it is weak or nonexistent. For example, Greenlaw and Wyman (1973) argued that simulation performance is not related to learning. Burns, Gentry, and Wolfe (1990) explained that performance can be affected by luck or other players performing poorly, whereas learning is the internalization of rules that may occur as a consequence of mistakes. Thorngate and Carroll (1987) identified several key concerns about the use of simulations in a learning environment. They found that luck, as defined by random errors by contestants or judges, correlated with the number of contestants in determining a winner. Contest structure made no noticeable difference in the overall chances that the best player(s) would win, and the effects of luck may be attenuated but not eliminated. Anderson and Lawton (1992a) found that financial performance correlated with only two of seven learning measures, and thus, they concluded a weak relationship between performance and learning. Wellington and Faria (1992) found no relationship between level of simulation performance and course-content-related examination scores. On the other hand, Teach (1989) found that profitability-forecasting accuracy, a measure of learning about the firm's competitive environment, correlated with measures of profits.
Because there have been only four empirical studies undertaken on the learningperformance relationship issue, with contradictory findings, it is appropriate to perform additional research evaluating whether simulation learning and simulation performance correlate. Therefore, the second research hypothesis, stated in null form, was as follows:
Hypothesis 2: There is no relation between simulation-based learning and simulation performance.
Why some may learn more than others
If learning occurs as a result of simulation play, it is likely that some individuals learn more. If this is so, can those variables that influence learning be identified and therefore help instructors or game users understand why learning differences occur?
There is a practical rationale for undertaking studies answering this question. If researchers can discover why some learn more than others from the simulation experience, teachers could use the information to enhance or supplement their learning environments with other materials or pedagogical methods.
For this purpose, there is little pertinent literature. There have been marketing course-based studies that focused on learning outcomes from simulation play (Faria & Whiteley, 1990; Wellington & Faria, 1992; Whiteley & Faria, 1989) . These studies, however, did not focus on specific factors inherent in the simulation that influenced learning, and the learning in these studies was course learning and not learning from the simulation. No empirical study, in which simulation-based learning is measured objectively, has focused on factors associated with the presence and degree of simulation learning.
Predictor variables and hypotheses. We hypothesized that seven types of variables might help explain why some students learn more than others:
These variables were selected for a variety of reasons, including common sense; because educational, management, or simulation scholars have suggested they influence learning; because of observations by the researchers themselves; and because of previous research. In some cases, variables were chosen because they have either been predicted or found to influence performance in a simulation and might also be significant predictors of learning in the simulation.
Academic ability was chosen because common sense suggests that ability enhances learning. Numerous studies such as Vance and Gray (1967) and Wolfe (1976) have found that student ability or past achievement facilitates simulation performance.
Attitudes toward the simulation was chosen because players have opinions and attitudes about a business gaming experience. These attitudes seem to persist throughout the simulation period (Catalanello & Brenenstuhl, 1977; Dill & Doppelt, 1963; Kaufman, 1976) . In addition, Gosenpud and Washbush (1996a) found a slight but significant association between learning and attitudes that the simulation was simple and understandable.
Cohesion was chosen because authors such as Bass (1982) and Cartwright (1968) have hypothesized a relationship between cohesion and positive outcomes in learning settings. In addition, Gosenpud and Washbush (1996b); Meising and Preble (1985) ; Norris and Niehbor (1980) ; Wolfe and Box (1988); and Wolfe, Bowen, and Roberts (1989) found positive relationships between cohesion and performance in simulations.
Goals was chosen because Curran and Hornaday (1990) ; Gosenpud, Miesing, and Milton (1984) ; and Hornaday and Curran (1988) have hypothesized that the degree of formal goal setting influences simulation performance.
Motivation was chosen because it has been found to affect performance in academic (Sjoberg, 1984) and in simulation (Gosenpud & Washbush, 1996b) environments. Also, common sense suggests that motivation positively affects learning.
Organization was chosen because of the commonsense assumption that orderliness enhances learning and because Bass (1982) and Mott (1972) found positive associations between orderliness and task accomplishment.
Struggle was chosen because Washbush and Gosenpud (1993) observed that those in competitive races and those struggling to improve position in the simulation learned relatively more than those not struggling for position.
The hypotheses collectively addressing these antecedent variables and simulation learning, expressed in null form, were as follows:
Hypothesis 3: There is no relation between simulation-based learning and academic ability. Hypothesis 4: There is no relation between simulation-based learning and attitudes toward the simulation. Hypothesis 5: There is no relation between simulation-based learning and cohesion. Hypothesis 6: There is no relation between simulation-based learning and type of goal expressed by players. Hypothesis 7: There is no relation between simulation-based learning and motivation. Hypothesis 8: There is no relation between simulation-based learning and organization. Hypothesis 9: There is no relation between simulation-based learning and struggle to improve position.
Method
To pursue the research purposes, 11 studies were conducted between the spring of 1992 and the fall of 1997. These studies are summarized in Table 1. 2 All participants were undergraduate students enrolled in a required administrative policy course at the University of Wisconsin-Whitewater. The simulation used was MICROMATIC (1992), a moderately complex top management game. With but two exceptions, students played the simulation in teams of 2 to 4 members, with the vast majority in 3-member teams. Simulation performance, calculated by the game's scoring routine, was usually worth 15% to 20% of the course grade. In all cases, simulation performance was based on net income (40%), return on sales (30%), and return on assets (30%). Play varied between 11 and 13 quarters, preceded by a practice round.
In two instances, Studies 1 and 8, participants did not play the entire simulation in teams. In both situations, play began in teams, but after 5 quarters, teams were abandoned, and students continued as single-member firms in new industries using past performance as their starting positions. Although market trends for these new industries were based on old industry trends, the new market curves differed from each other. Students ended the game as individual firms, and their end-of-game cumulative performance counted toward their grade.
Variable measurement
Learning. Because the study's interest was about learning attained from simulation play, the knowledge domain for learning was set, in part, by the game's learning objectives as established by the game's authors. The MICROMATIC instructor's manual (1992) states players will gain knowledge of and practice in the following behaviors:
· analyzing a firm's position and performance, · reading and interpreting financial reports and using financial information in decision making, · estimating the interactions of decisions on the functional areas and their financial implications, · developing and maintaining a financial plan, · analyzing and coping with economic change, · understanding and coping with business environmental influences, · planning effectively, · selecting and using financial analysis techniques, and · analyzing situations and identifying problems.
In addition, the MICROMATIC player's manual (1992) provides the following list of the types of decisions made in playing the game:
· selection of the corporate strategy; · money spent to obtain information about the market and competitors; · selection and allocation of sales promotion and structuring the marketing mix; · operations management (production, workforce size, raw material, etc.); · production capacity; · acquisition, use, and distribution of funds and earnings; and · labor-management relations. Learning in these studies also reflected some of the elements in the strategic management domain as identified by Wolfe and Rogé (1997) , including strategy, environmental analysis, forecasting, market development and penetration, cost and differentiation strategies, and performance measures. Also reflected was the description of total enterprise simulation games, as provided by Keys and Biggs (1990): A total enterprise game is one which includes decisions in most of the main functions of business: marketing, production, finance, and personnel. Such games require integration of the various functional areas. In addition, total enterprise games incorporate environmental factors, such as general economic conditions and interest rates as important components of the learning experience. (p. 49)
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The resulting set of learning objectives appears in Table 2 .
Using these objectives, we created two parallel forms of an examination, each containing a multiple-choice section followed by a short-essay section. One form was administered, as a pretest, at the beginning of each semester. Another was administered at the end of the semester as a posttest. Learning for each participant was defined as the posttest percentage score minus the pretest percentage score. We used a common scoring key to ensure uniformity of measurement. Statistical reliability estimates for the instruments ranged from approximately .6 to .7. The forms of the test were rotated between semesters. Answers to the essay part of the examination were scored based on an a priori set of ideal responses. This response list was supplemented as grading proceeded to obtain a complete set of ideal responses. Examinations were graded to reflect the supplemented criteria.
Performance. Performance was measured at the end of play using the game's scoring procedure and was based on net income (40%), return on sales (30%), and return on assets (30%).
Washbush, Gosen / GAME-DERIVED LEARNING 287 Simulation participants were expected to be able to · effectively make decisions integrating the marketing, production, and financial aspects of a business · evaluate periodic performance with respect to profits, cost control, and strategic impact · improve business performance with respect to cost reduction, profitability, and strategic potential · pose and implement effective and efficient solutions to problems encountered or opportunities that arise · effectively analyze market conditions and the behavior of competitors · recognize needs for strategic and tactical change · develop and demonstrate a mature ability to read and interpret financial statements · understand and manage cash flow with respect to sources, needs, and uses · properly allocate costs on a per-unit-sold basis · develop basic skills in forecasting product demand · use pro forma statements and "what if " analysis to evaluate the probable impact of decisions and strategic options
Predictor variables. The predictor variables employed varied by study. Instrumentation employed a variety of methods, including semantic differential, Likert-type attitude survey, adjective and phrase checklists, and open-ended questions. All predictor variables were measured during the simulation, either after the 3rd and 6th quarters or after the 3rd, 6th, and 9th quarters. Open-ended questions were content analyzed into narrow and broad categories. Table 3 , which is organized by variable, summarizes the predictor variables chosen, when each variable was used, and the measurement method used. Table 4 displays results of t tests comparing the posttest and pretest percentage scores for each of 10 data sets.
Results
Validity
3 For all data sets, posttest scores were higher than pretest scores. In 9 of the sets, these differences were significant at less than the .001 level. The average difference (posttest percentage minus pretest percentage) was 10.54 percentage points. These results indicate that learning (as here defined) took place as a result of simulation participation. These results argue that the simulation is a valid learning experience. Therefore, Hypothesis 1 was rejected. Table 5 displays results of regression analyses with learning scores as the dependent variable and game performance scores as the independent variable. All six data sets show insignificant R 2 . These results confirmed Hypothesis 2 in that they failed to identify any systematic relationship between learning and performance.
Learning-performance relationship
The lack of a relationship between learning and performance could be explained by the fact that performance scores were team scores and learning scores were individual. However, in the spring of 1992 and the fall of 1996 for Instructor Gosen (G), participants played approximately the last 60% of the game as single-member firms. ANOVA for spring 1992 and fall 1996 data, shown in Table 6 , revealed no consistent positive relationship between performance of these single-member firms and learning. This finding strengthens the conclusion that learning and performance are unrelated.
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Do some learn more than others?
For this research question, data were collected on 474 individual variables. 4 From all of those variables, only those found to be statistically significant are shown in Table 7 . Most relationships were not significant or were difficult to interpret. The vast majority of variables did not predict learning. Academic ability was measured by self-reported grade point average (GPA) in one data set. There were no significant relationships between GPA and learning. Therefore, Null Hypothesis 3 was accepted.
There were 15 variables measuring attitudes toward the simulation. These were measured in four data sets, twice during the simulation in three data sets and three times during one data set. Thus, as many as 135 variables measuring attitudes toward the simulation could have significantly predicted learning. Only those in Table 7 did so, revealing in 1994 three correlations suggesting that those who understood the Washbush, Gosen / GAME-DERIVED LEARNING 289 simulation and saw it as fairly simple learned more. However, only one of those three correlations was replicated in 1995, and none were replicated in 1996; furthermore, in 1996, we found that learning was higher when the simulation seemed challenging, which is a result that contradicts the 1994 data. Therefore, Null Hypothesis 4 was accepted.
There were 18 individual measures of cohesion, examined twice in each of three data sets. Table 7 reveals that only one cohesion variable predicted learning, and that relationship was negative. Therefore, Null Hypothesis 5 was accepted.
Data regarding goals were attained from open-ended questions asked three times during the fall 1994 simulation data set and twice during the fall 1995 data set. Content analysis of the answers in two data sets to these questions indicated that students pursued nine different goals at different times during the two data sets. These goals appear in Table 8 .
The goals section of Table 7 shows those goals that distinguished between those who learned more and those who did not. No goal predicted learning more than once in one data set. Given these results, Null Hypothesis 6 was accepted.
There were 24 indices of motivation measured twice a data set in three data sets. Table 7 reveals that eight individual measures of motivation predicted learning, but six of these relationships were negative. Therefore, Null Hypothesis 7 was accepted.
There were 15 indices of organization measured twice in each data set in four data sets. Table 7 .310, p = .042), and structured in the sixth quarter of 1996 (Beta = .389, p = .001). These regression results suggest the tendency for those who perceive themselves to be in structured groups to have learned a greater amount. Thus, Null Hypothesis 8 was rejected. There were two specific variables measuring struggle in the simulation in four data sets. They were measured twice in three data sets and three times in one data set. No Washbush, Gosen / GAME-DERIVED LEARNING 291 struggle variable predicted learning in any data set. Therefore, the variable struggle does not appear in Table 7 , and Null Hypothesis 9 was accepted.
Discussion Validity
In 10 data sets over 6 years for two instructors, all posttest scores were higher than comparable pretest scores and significantly so in 9 of those data sets. These results argue that in relation to the simulation used in these studies, learning takes place, students begin to master the skills and concepts presented, and the simulation is a valid learning methodology.
Although these results were attained in one institution with one simulation, these conclusions are likely generalizable. Business policy students are similar enough across North American colleges and universities to assume that in most cases, students would learn what a TE simulation has to teach. Likewise, most TE simulations have structure and identifiable principles, and it is very likely that students would learn these principles by playing. Thus, we believe that our results are very likely applicable for other business policy students playing other TE simulations at other institutions.
These results complement the validity conclusions of Wolfe (1997) . Although he concluded that simulations were valid for strategic management courses or programs, the results here suggest that simulations are valid learning tools in and of themselves.
Although not absolutely conclusive, the validity results are clear and they make sense. These results and those cited early by Wolfe (1997) contradict arguments calling into question the validity of simulations. Thus, there is a need to accept the simulation's value as a learning methodology, a research tool, and a classroom decisionmaking exercise that models the real world of business.
The series of studies reported here used an instrument based on defined learning objectives. Learning was measured objectively. The studies' results were repeated and consistent. The results are clear, interpretable, and should be useful to stimulate others' research.
Learning and Performance
The results regarding learning and performance are also clear. In none of the data sets analyzed were the two variables positively correlated. These results are in agreement with those of Anderson and Lawton (1992a) and support arguments by critics such as Greenlaw and Wyman (1973) , Teach (1990) , and Thorngate and Carroll (1987) that simulation performance does not reflect learning.
These results suggest serious implications for grading simulation performance. It seems evident that instructors who want to grade solely on learning should not use profit-based performance as a criterion. This does not mean that instructors should not grade on performance. In real-world organizations, managers and employees are continually evaluated on performance and rarely on learning. In the university, we usually grade on mastery or performance via test or paper after the completion of a unit rather than a change from one level of understanding, knowledge, or analytical ability to another. Grading on performance is what we usually do, and the caution suggested by these studies is only for those who want to grade on learning only.
Why Some Learn More than Others
The results regarding this purpose are unclear and, at first glance, confusing. There were few easily interpretable results. There was evidence from two data sets that those who learned more came from teams that considered themselves to be well organized. However, this evidence was not pervasive because the same relationship between the same specific variables was not repeated across all data sets. Some significant relationships appeared in certain data sets but were contradicted in others. For the vast majority of predictor variables, relationships with learning were not significant.
What occurred in these studies was a pattern of significant relationships for one data set and a different set of significant relationships for another. We believe that these inconsistencies reflect inevitable situational differences from one simulation setting to another. Each circumstance in which a simulation is used brings a different mix of students with different goals, attitudes, and expectations. Different decisions by different companies create situations that differ from industry to industry. There may be price wars, efficient teams may achieve big leads over the mistake prone, some teams may try to expand, and several teams may simply give up. Events, decisions, and outcomes are different enough from one industry to the next to expect that at least some influences on learning will be different from one data set to the next. Simulations with more than 60 decisions are sufficiently complex for industries to be unique, and unique social systems are likely to have unique etiologies.
Despite ambiguous results, continued pursuit of the research objectives addressed here is important. Identifying the variables and conditions that influence the degree to which players learn from the simulation will give game users opportunities to control variables and conditions to improve learning prospects. The payoff for such timeconsuming and difficult research should be well worth the effort.
Suggestions for future research
This series of exploratory studies has produced interpretable results, and these should form a basis for further study. There are many directions that simulation-learning research can take, such as · developing a comprehensive, content-validated set of learning objectives for simulation participation; · developing a comprehensive, validated test bank coordinated with those objectives; · discovering which learning objectives are reached with a specific simulation and which ones are not;
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· studying and evaluating learning in the simulation across a wide variety of players, simulations, and locations; · determining the learning potential of individual-based rather than group-based simulation games; and · developing pedagogical guidelines and options for simulation users consistent with the results of this research's findings.
The results of the studies reported here strongly argue that learning is a viable construct for empirical research and not just a phenomenon we can hope to investigate. That research process should continue.
Notes
1. That is, learning integral to the simulation. 2. Data were not collected and analyzed for every research question for every data set. Data relevant for the validity objectives were collected and analyzed from 10 of the 11 data sets. Data relevant for the learningperformance relationship objectives were collected and analyzed from eight of the sets. Data relevant for why some learn more than others were collected and analyzed from four of the data sets.
3. The reason for identifying 10 data sets here instead of 11 is that one data set did not contain prepost data for validity testing.
4. During the fall of 1994, data on eight variables were collected three times. During the fall of 1995, data on 77 variables were collected twice, and in the two data sets compiled in 1996, data on 74 variables were collected twice.
